Transduction in Staphylococcus aureus was first reported in 1958 by Ritz and Baldwin (1961) among members of this species. Morse (1959) , Edgar and Stocker (1961) , and Dowell and Rosenblum (1962) also reported staphylococcal transductions involving a variety of characteristics. Pattee and Baldwin (1961) reported that phages 29, 52A, 79, 80, and 53 of the International Typing Series were capable of transducing the capacity to produce penicillinase, as well as resistance to chlortetracycline and novobiocin, among a variety of strains of S. aureus. The present report is concerned with the transduction of resistance to several of the macrolide antibiotics among strains of S. aureus.
Among the pathogenic staphylococci, resistance to the macrolide antibiotics, which include erythromycin, oleandomycin, spiramycin, carbomycin, and leucomycin (Murai et al., 1959) , appears to be controlled by two distinctly different general mechanisms. In vitro adaptation results in a step-wise development of resistance to the macrolide antibiotics as a group (Jones, Nichols, and Finland, 1956) . Resistance in this instance probably is determined by a series of independent mutations and may be similar to erythromycin resistance in the pneumococcus (Ravin and Iyer, 1961) . The other mechanism of resistance, which predominates among naturally resistant strains of S. aureus, was extensively studied by Garrod (1957) . His results generally were in agreement with others (Jones et al., 1956; Waterworth, 1960; Rantz et al., 1957) ; i.e., in vitro adaptation to one of the macrolide antibiotics results in a considerable degree of cross resistance to other antibiotics of the macrolide group. During these studies, Garrod (1957) encountered certain strains of S. aureus, called dissociated strains, which were naturally resistant to erythromycin but apparently sensitive to the other macrolide antibiotics. Garrod (1957) was able to show that, while populations of dissociated strains consisted primarily of erythromycinsensitive cells, such populations did not readily PATTEE AND BALDWIN yield erythromycin-sensitive mutants. Further examination of dissociated strains revealed that growth in broth containing subinhibitory concentrations of erythromycin resulted in a population which consisted entirely of cells resistant not only to erythromycin, but also to oleandomycin, spiramycin, and carbomycin. Reversion of dissociated strains to the original phenotype occurred after several transfers in the absence of erythromycin. Waterworth (1960) reported that dissociated strains acquired temporary resistance to leucomycin after growth in the presence of erythromycin.
MATERIALS AND METHODS
The methods employed for determining the characteristics possessed by strains of S. aureus, the methods used for the maintenance of bacteria and bacteriophages, and the transduction techniques have been described in detail (Pattee and Baldwin, 1961) . The strains of S. aureus employed were originally isolated from several different sources, and all were of human origin. The genetic markers possessed by these strains are included in the strain designations, and include the capacity to produce sufficient penicillinase to grow on Brain Heart Infusion (BHI; Difco) agar containing 100 units of penicillin per ml (Pase marker), and the ability to grow on BHI agar containing either 75 ,ug of chlortetracycline per ml (Tet marker) or 20 jig of novobiocin per ml (Nov marker). Strains exhibiting erythromycin resistance of the dissociated type possess the Ery marker. From strain U9(Pase, Tet, Ery, Nov), a mutant was isolated by the gradientplate technique (Szybalski, 1952) , which was resistant to oleandomycin. This mutant was resistant to 800 MAg of oleandomycin per ml of BHI agar (01 marker) and was designated U9(Pase, Tet, 01, Nov). The designations and phage types of the strains employed are given in Table 1 .
The bacteriophages of the International Typing Series used in this study were originally obtained from John E. Blair and were maintained in the Department of Microbiology, Ohio State University. Phages 29, 52A, 79, 80, and 53 were employed for transduction after propagation on appropriate donor strains. The designation of the transducing phages includes both the international number designation of the phage and the designation of the donor strain. Accordingly, phage 80 propagated on donor strain U9(Pase, Tet, Ery) was designated 80/U9(Pase, Tet, Ery).
Briefly, the transduction procedure involved combining 1.0 ml of a cell-free phage lysate (1010 plaque-forming units per ml) with between 2 and 6 X 1010 cells of the recipient strain suspended in 1.0 ml of P and D broth (nutrient broth containing 0.25% K2HPO4 and 0.2 % dextrose). The mixture was then shaken for 1 hr at 37 C, after which the cells were washed once with 1 ml of P and D broth, resuspended in 1.0 ml of P and D broth, and 0.05-ml quantities spread over the surface of each plate of the selective medium with the aid of a sterile bent glass rod. Control suspensions consisted of an identical suspension of recipient cells shaken with 1.0 ml of sterile P and D broth. Frequencies of transduction. In contrast to the transduction frequencies previously reported for the Pase, Tet, and Nov markers (Pattee and Baldwin, 1961) , the Ery and 01 markers were transduced by phage 80 at normal frequencies (at least 300 transductants per 109 phage) only to recipient strains 112, 152, 248, and D-l, and seven 80/81 strains of independent origin. The remainder of the recipient strains, including strain C-72, were transduced at frequencies significantly lower than normal, but only with respect to the Ery and 01 markers. To determine whether the competence of a strain to serve as a recipient of the Ery marker was a function of the transducing phage or the donor strain, three additional chlortetracycline-resistant dissociated strains obtained from natural sources were examined by use of a variety of transducing phages. The frequencies of transduction of the Tet and Ery markers were determined with recipient strains 152 and C-72 transduced with each phage. The results (Table 7) indicated that neither the donor strain nor the transducing phage significantly influenced the relative transduction frequencies obtained. In all cases, the transduction frequencies were significantly higher for the Ery marker when recipient strain 152 was employed.
RESULTS

Characteristics
DISCUSSION
The results of this study generally are in agreement with earlier studies concerning the transduction of the capacity to produce penicillinase and resistance to novobiocin and chlortetracycline in S. aureus (Pattee and Baldwin, 1961) . None of the aforementioned characteristics was detectably linked to either the Ery or 01 markers, lysogenization of the transductants by the transducing phage was not observed, and the frequencies of transduction for all markers were similar in certain instances.
A logical interpretation of the characteristics displayed by strains of the dissociated type is that resistance to erythromycin involves ani inducible enzyme system. Garrod (1957) (Pattee and Baldwin, 1961) . These results suggest that a degree of genetic incompatibility associated with the region of the chromosome occupied by the Ery and 01 markers exists among certain strains of S. aureus. The observation that the Ery marker was transduced to seven 80/81 strains at normal frequencies simply adds to the available evidence that all 80/81 strains are closely related (Shaffer, Baldwin, and Wheeler, 1958) .
